leading to exposure of both humans and wildlife (Darnerud, 2003; Montaño et al., 2013) . PBDD/Fs in high temperature processes (Buser, 1986) .
64
There are very few studies concerning PBDD/F emissions and exposure pathways/health 65 effects, with a very small number of studies based on humans (Ericson Jogsten et al., 2010) .
66
The toxicity of PBDD/Fs is still relatively unknown, especially when compared to that of 67 PCDD/Fs (Birnbaum et al., 2003) . However, there is limited information on some specific 68 congeners such as 2, 3, 7, to which humans can be 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 exposed to through inhalation and ingestion (Birnbaum and Staskal, 2004) sintering process could lead to the formation of PBDEs and PBDD/Fs (Wang et al. 2010b ).
86
For use in the blast furnaces, the iron ores are first processed in large iron ore sintering plants.
87
In iron ore sintering, the objective is to agglomerate iron ore fines into a product designated 88 as sinter which is composed of permeable lumps which provide the necessary permeability process is initiated at the top of the bed and drawn through it by an induced draught fan via a 97 series of ducts below the bed. As the coke fines burn in the bed, the heat generated sinters the 98 fine particles and the temperature of the bed reaches 1300-1480 °C. At the end of the strand,
99
the sinter product falls off into a cooling system, typically a carousel.
100
The iron ore sintering process has been studied in detail in the past with regard to the 101 formation of PCDD/Fs and PCBs, and was identified as the most significant source of these 102 compounds from steelmaking activities (Anderson and Fisher, 2002; Aries et al., 2006 where the hot exhaust gas has been cooled.
177
In each experiment, approximately 1 kg of RSM was prepared for sintering in the same way 178 as in the full-scale production process. The RSM was sintered and a total emission sample
179
(both particulate and gas phase combined) collected via a PUF plug (6 cm i.d. x 7.6 cm 180 length), Supelco, UK). The outer layer of the remaining sinter product was "chiselled" with 181 samples taken from the centre and crushed using a Tema T750 k laboratory disc mill. This 182 allowed for a total mass balance of the sintering process to be calculated. In total, five 183 different SP experiments were conducted as described in were added up to a volume of 50 µl prior to analysis. 
Stack Emission Samples (PBDEs)

224
The stack emission sample analysed for PBDEs were subjected to almost identical extraction containing several layers of activated silica gel (6 g), basic silica gel (6 g) and acidic silica gel sintering plants investigated in the current study. In Table 2 and Fig. 2 
Raw Material Input / Output Analysis -Mass Balances of PBDEs
372
In order to study in more detail the distribution of PBDEs in the iron ore sintering process, 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65 to be 1.5 kg/ton sinter produced. PBDE outputs were calculated using this figure and the 389 sinter production for each bed of material investigated. Finally, stack emission outputs were 390 estimated using the mean concentrations determined in this study (Table 3) highest concentrations of PBDEs were found in the ESP dusts ranging from 22 to 81 µg/kg.
407
In terms of input, between 13 and 26 mg/ton sinter of PBDEs were found in the raw sinter 408 mix (Table 4 ). In contrast, very low PBDE output figures were found in the sinter product,
409
ESP dusts and stack emissions (ca. < 2 mg/ton sinter). Stack PBDE outputs represented only 410 less than 4% of PBDE inputs. Overall, the results showed that between 80% and 95% of
411
PBDEs entering the sintering process via the raw materials were destroyed during thermal 412 treatment (Table 4) .
413
To understand further the source of PBDEs in input raw materials, several types of raw 414 materials were selected and analysed for their PBDE (sum of seven congeners) content.
415
These materials are typically mixed together in a bed to constitute the raw sinter mix. These was not feasible to investigate this further in the current study. The revert materials did were mostly associated with the revert materials (ca. 60 -80%), but for some other beds
446
PBDEs originated equally from the iron ores, revert and fuels materials (ca. 20 to 40% each).
447
For all beds, PBDE inputs from fluxes (i.e. limestone / olivine) were negligible. These results
448
highlighted the fact that there were multiple raw material sources of PBDEs in the sintering 449 process with significant variability.
450
The mean PBDE congener profiles for each type of input material was studied and the results 451 depicted in Fig. 6 
472
Analysis of the PBDE data showed that in experiments 1 to 3, for which no PBDEs were 473 added, there was a mean overall ∑PBDE input of 1400 ng/kg raw sinter mix (range: 1400-474 2100 ng/kg raw sinter mix respectively). In experiments 4 and 5, where PBDE technical 475 formulations were added, PBDE concentrations were 18000 and 19000 ng/kg raw sinter mix 476 respectively highlighting the additional PBDE inputs (Fig. 7) . However, examination of 477 PBDE outputs showed that in all experiments there was net destruction of ∑PBDEs with an (Table 2) . 
Conclusions
502
This study showed that both PBDEs and PBDD/Fs were emitted from the iron ore sintering ng/Nm 3 . The PBDE congener pattern was very similar to that of a Penta-BDE formulation.
510
PBDE mass balances were carried out at a full scale sinter plant showing that PBDEs were 511 already present in the raw materials such as iron ores and coke breeze and that a significant 512 proportion of the PBDE inputs were actually destroyed during the process (ca. 80 to 95%).
513
While detailed source attribution of the PBDEs in the raw materials was outside the scope of 514 this study, the similarity of the congener pattern in some raw materials to the Penta-BDE 515 formulation, suggests that contamination of such raw materials occurred prior to sintering.
516
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